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Thin film trilayer junction of Lao.erSro.ssMnOs - SrTiOs - Lao.erSro.ssMnOa shows a factor of 9.7 
change in resistance, in a magnetic field around 100 Oe at 14K. The junction magnetoresistance 
is bias and temperature dependent. The energy scales associated with bias and temperature de- 
pendence are an order of magnitude apart. The same set of energies also determine the bias and 
temperature dependence of the differential conductance of the junction. We discuss these results in 
terms of metallic cluster inclusions at the junction-barrier interface. 
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Large low-field magnetoresistance (MR) has been 
observed in trilayer thin film junctions of 
Lao.67Sro.33Mn03/SrTi03/Lao.67Sro.33Mn03 . The 
mechanism is yet to be fully understood. These man- 
ganites are expected to be half-metals when fer- 

romagnetic order is fully developed. Their low carrier 
concentration in the minority band makes its minority 
carrier prone to disorder-induced localization M. Ac- 
cording to spin-dependent tunneling models [p|-pd[, a 
half-metallic metal-insulator-metal junction would ex- 
hibit large, almost infinite MR. However, the observed 
bias- and temperature-dependence don't correspond to a 
clean metal-insulator-metal tunneling process. The junc- 
tion resistance varies strongly with temperature, espe- 
cially above HQK, indicating a barrier with high con- 
centration of defects |^,^,^. The MR disappears pre- 
maturely above ISO-ftT, well below the Curie temperature 
Tc = 360/irof the electrodes. In addition, the junction 
MR is strongly bias-dependent when a bias-voltage of 
the order of 0.1 V is appHed. 

Here we quantify the temperature- and bias- 
dependent magnetotransport properties of junctions 
made of Lao.67Sro.33Mn03/SrTi03/Lao.67Sro.33Mn03 
(LSMO/STO/LSMO) and Lao.67Sro.33Mn03/Al203 
/Permalloy (LSMO/AO/Py) trilayers. A low-bias mini- 
mum develops in the differential conductance for temper- 
atures below 120K, indicating the possible presence of a 
Coulomb gap. Two energy scales are present: first, an 
energy corresponding to the bias voltage for the suppres- 
sion of MR. This energy happens to coincide with the bias 
level for the onset of a low-bias conductance minimum; 
secondly, an energy associated with the high-temperature 
suppression of MR, which happens to be identical to the 
temperature for the disappearance of the low-bias con- 
ductance minimum. We also show LSMO/STO/LSMO 
junctions with an order of magnitude change in resistance 
in 100 Oe, indicating that the intrinsic MR in these junc- 
tions is likely to be very large. 



The fabrication process for LSMO/STO/LSMO junc- 
tions have been discussed in detail before ||l|, [l^ , p^ . The 
process for LSMO/AO/Py is similar. In both cases the 
base LSMO film is around 500 - 600l thick. The 
top LSMO film is around 400A. The LSMO films are 
grown epitaxially on LaAlO3(100) or on NdGaO3(110) 
substrates using laser ablation. 

FIG. 1. An AFM image of a representative film surface, 
showing a peak-to-peak roughness around IsA. An accompa- 
nying scanning electron micrograph is shown to the right for 
comparison. 

The surface of these laser ablation-grown LSMO films 
are quite smooth. An example is shown in Fig.|l|, where 
an atomic force microscopy (AFM) image was taken on 
a smg le layer LSMO film, lOOOA thick, grown using the 
above mentioned deposition process on NdGa03 (110) 
surface. The peak-to-peak surface roughness in this case 
is around ISA, excluding laser particulates which has a 
typical density of around ^ lO^/cm^. 

For LSMO/STO/LSMO junctions, the entire trilayer 
structure was made in situ. For LSMO/AO/Py trilayers, 
the film samples were transported to a different vacuum 
system after the deposition of LSMO. The wafer was first 
cleaned by exposure to 30sec of oxygen plasma. The 
AI2O3 barrier layer was formed by sputter deposition of 
I2A of aluminum, followed by 120sec plasma oxidation 
[Q. The Permalloy counter electrode was then sputter 
deposited, 120A thick, in a process similar to that used 
in metallic magnetic tunneling junctions [p^ . For both 
type of films the same photolithography process was used 
to define the current-perpendicular junction structure. 
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FIG. 2. R{H) behavior of a junction at lAK. Data are 
10-trace averaged. Field was swept at 0.137^2. Junction bias 
was lOnA. After cool-down A, a factor of 2 change in R 
was seen. A very large MR, of Rhigh/Riom = 9-7 was seen 
at low sweeping amplitude of around lOOOe during another 
cool-down(B). 

An example of the dc junction resistance vs. applied 
field, R{H), is shown in Fig.^ The junction pillar was 
8fim X 2/im in size, sitting on a 40/im wide base stripe, 
with its long axis perpendicular to the direction of the 
stripe. The magnetic field was applied parallel to the 
film surface along the long axis. The measurement tem- 
perature was 14K, and the junction was biased at lOnA. 
From R{H) loops as these one defines a junction resis- 
tance Rfiigh, corresponding to the resistive- high state of 
the junction, and a Riow for the resistive-low state. 

The R{H) behavior is history dependent. After cool- 
down (A), a factor of 2 change in R was seen on the 10- 
trace averaged R{H). During another cool-down (cool- 
down (B) in Figjl), when the field sweep amplitude 
was first opened up from zero, a very large MR, of 
Rhigh/Riow — 9.7, was seen at low sweeping amplitude 
of around lOOOe. These results highlight the importance 
the electrode's magnetic state has on junction transport 
properties. It is likely that the intrinsic MR in these 
structures is even larger, and that the actual MR one 
observed is still limited by the distribution of magnetic 
domains. 

Fig.^ shows the temperature dependence of Rhigh a-rid 
Riow Both Rhigh and Riow are taken from 10-trace 
averaged R{H) loops. For T > 130K, they follow an 



exp 



(rjT)i/^J scaling §. Below 130i^, Rh,gh and Ri^^ 
branch apart, giving an MR that increases upon decreas- 
ing temperature. The noise in data is again a conse- 
quence of magnetic instabilities of the electrodes. 
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FIG. 3. Left: The temperature dependence of Rhigh and 
Riow Right: conductance difference between Rhigh and 
Riow showing continuous decrease for T < 130K. Inset: 
Bottom axis, bias-dependence of the normalized MR (i.e, 
MR{V,T)/MR{0,0)) for three different temperatures. Al- 
though the magnitude of A'lR varies with temperature, its 
bias- dependence remained essentially temperature indepen- 
dent. Top axis: normalized MR vs. temperature. 

Also shown in Fig.^ is the conductance difference 

AG = -jr-^ — vs. temperature. A continuous de- 

crease was seen of AG{T) at the low temperature end, 
where Rhigh and Riow are only weakly temperature de- 
pendent. This rules out the parallel shunt mechanism 
Q as an explanation for the decrease of MR in this tem- 
perature region, because parallel shunt from MR-inactive 
channels would have a constant AG{T). 

The junction MR is bias-dependent. The inset of 
Fig.^ shows the bias-dependence of junction MR at sev- 
eral temperatures. The MR is suppressed to ~ 25% of 
its low-bias value at a bias-voltage of 0.2T^. Although 
the magnitude of MR decreases rapidly with increas- 
ing T, the characteristic bias-dependence of which re- 
mained essentially temperature independent. Shown in 
the same plot is MR as a function of temperature. Here 
MR — ^f^^ah-Rioui ^j^j resistances are dc. 

Data in Fig.y| inset reveal two energy scales. The first 
relates to the bias-voltage: Ei, ~ 200mey. This cor- 
responds to the bias level at which MR is suppressed. 
The second relates to the temperature: Et ~ = 
llmeV, corresponding to the temperature that sup- 
presses MR. The two energy scales are an order of mag- 
nitude apart. 

Fig.^(a) shows the evolution of the differential junction 
conductance ajj = ^ with temperature. The high tem- 
perature and high bias- voltage part of cr^i probably rep- 
resents conduction via shallow defect states in the barrier 
]l5[ which we are not going to discuss. Instead, notice 
that for temperatures below \2QK (~ Et), a conduc- 
tance minimum develops for bias- voltages below 200mey 
El,). Again, Ei, and Et show up as the energy scales 
associated with bias and temperature dependence. 
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FIG. 4. Evolution of bias-dependent junction dif- 
ferential conductance with temperature. (a)For an 
LSMO/STO/LSMO junction. The two energy scales, Et 
and Et are again present. (b)Same measurement for an 
LSMO/AO/PyO junction, showing the same energy scales. 

The development of a low-bias conductance minimum 
also occurs in LSMO/AO/Py junctions, as shown in 
Fig.^(b). Again, there is a characteristic temperature 
of T = 180K close to Et observed before, and a char- 
acteristic voltage of 200meV for low-bias conductance 
minimum, similar to the Eb of data in Fig.^a). 

The fact that both Et and Ej, are present for junc- 
tions made with different barrier and counter-electrodes 
suggest the mechanism(s) responsible for them are asso- 
ciated with the base electrode LSMO film, possibly with 
its interface at the barrier, rather than with the specifics 
of the barrier physics. 

One mechanism that could produce conductance min- 
imums over a wide range of bias conditions is metallic 
inclusions at the junction interface. The metallic inclu- 
sions, if small enough, will show a Coulomb gap in its 
low-bias conductance The conductance minimum 

in this case relates to the effective capacitance of the in- 
clusion cluster, which is proportional to the cluster size, 
roughly speaking. Assuming the charging energy can be 

estimated as ||l7|~[l9|] Ec — ■§(j — g^fjj- (^^^ where e 
is electron charge, C is the capacitance of the cluster, e 
the matrix dielectric constant, d the diameter of the clus- 
ter, Fo is a form factor that depends on the details of the 
local environment of the cluster and its distance to other 
conducting structures [Fo = 2 for an isolated cluster), 
and assume s = Fo — 2 (See for estimate of Fo), 
one gets d w IsA. Is it possible that there are metal- 
lic clusters at the LSMO surface of dimensions around 
15 A? Could these be related to the localization length of 
the spin-polarized carriers? these are open questions at 
present. 

The conductance minimum from a single Coulomb gap 
is very sharp at low bias |l^. A distribution of Ec is 
likely to be present that could smear out the sharp low- 
bias cusp in the Coulomb gap's conductance, making it 
appear similar to the shape observed. 

The hypothesis of a Coulomb gap explains the bias de- 



pendent behavior, but it would not explain the tempera- 
ture dependence. Since Et is an order magnitude lower 
than Eb, some other mechanism(s) must be involved in 
suppressing the gap formation process for temperatures 
above Et- 
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